A Phononic Crystal (PC) based on a metal microstructure, is studied. At low frequency, it presents water like density and water like longitudinal velocity, and very small shear rigidity. At higher frequency, the band structure of the PC exhibits an isolated branch with a negative slope and a quasi-longitudinal behaviour that intercepts the water sound line. At the intersection point frequency, matching of the phase velocities in the PC and in the external medium is realized. Therefore, the structure is a potential candidate for the negative refraction of longitudinal waves when the structure is coupled to the external water medium. The paper presents the main numerical results. Experiments are under progress.
INTRODUCTION
Phononic crystals (PCs), which are periodic arrangements of several materials, can exhibit unusual properties such as negative refraction when the phase velocity and the group velocity are of opposite signs. This property may allow the realization of flat super-lenses able to focus elastic waves with a resolution lower than the diffraction limit. First results were obtained with a PC made of steel rods immersed in a fluid (1) or surrounded with epoxy (2) . In this later case, because index matching is not satisfied, focalisation is not possible. Results showed that the resolution of the point source image is strongly altered due to the wrong index. The goal of the paper is to present a metal based microstructure (3) that exhibits negative refraction of longitudinal waves together with index matching. It shows the focusing capability of the device with an external water medium.
DESCRIPTION OF THE STRUCTURE
The PC of interest is made of a two-dimensional network of interconnected metallic arms with air interstices and consists of a regular hexagonal lattice with additional masses at the corners ( Fig. 1.a) . Arms are constituted of aluminum whose physical properties are a density equal to 2700 kg/m 3 In the case of Fig.1 , the corresponding filling factor of aluminum is equal to 0.37, thus the effective density of the structure is around 1000 kg/m 3 , very close to water density. Fig. 2 presents the band structure in the irreducible Brillouin zone, along the ΓJX path, calculated with the Finite Element Method (FEM) (4). The blue line corresponds to the dispersion curve in water. At low frequency, the branch corresponding to a mainly longitudinal mode has the same slope as the blue line: it means that the structure behaves as water (3), whereas the other branch presents a very small shear velocity. A branch with a negative slope is observed in the frequency range [35, 40 kHz], corresponding to a phase velocity and a group velocity with opposite signs. This branch corresponds to a mainly longitudinal mode. It means that it can be easily coupled to a longitudinal wave coming from an external fluid medium. In the ΓJ direction, the water sound line intersects the negative branch 
DISPERSION CURVES

FLAT LENS
A flat lens based on the PC under study is simulated in order to check the coupling efficiency with an external water medium and the focusing capability of the device. The Finite Element Method (FEM) is used to study accurately the ultrasonic field radiated from the PC. The lens is 7-cell thick, but large enough (32-cell wide), in order to avoid edge effects. A point source is located in the bottom part, with an excitation frequency of 35.4 kHz. Fig. 3 presents the pressure field around the lens and a focusing effect is clearly exhibited above the flat lens.
The focus position is consistent with the theory of flat lenses (5), because the source-image distance (273.63 mm) is approximately equal to twice the slab thickness (135.35 mm). The full widths at half maximum (FWHM) of the focal spot along the directions perpendicular and parallel to the slab (Fig.  4) are, respectively, 5.23 λ and 0.66 λ, with λ being the wavelength in water at 35.4 kHz. One can notice that the amplitude level of the image spot is 5% of the source level, due to the impedance mismatch between the PC and water. 
CONCLUSION
Numerical evidence of a negative refraction process is reported in the case of longitudinal waves in a metal based microstructure. The PC consists in a two-dimensional network of interconnected metallic arms with air interstices. Simulations have shown that the PC can be efficient to image a fluid environment, which is an important issue for applications in medical imaging devices. Experiments are in progress. 
